Uptake of 3,5,3'-triiodothyronine by the perfused rat liver: return to the free hormone hypothesis.
To investigate the mechanism by which T3 in plasma enters hepatic cells, we measured rate constants for the uptake of unbound (free) T3 by the perfused rat liver, for the hepatic uptake of T3 from serum, and for the spontaneous dissociation of T3 from its plasma binding proteins. Quantitative autoradiography of liver lobules after perfusion with [125I]T3 in protein-free buffer indicated a high apparent rate constant for removal of T3 from the sinusoids; its minimum estimate was 2.4 +/- 0.2 sec-1. The single pass extraction of T3 in human serum by the perfused rat liver was 31.6 +/- 4.5% at the supraphysiological flow rate of 3 ml/min/g liver (sinusoidal transit time, approximately 3 sec). Sixty percent of the T3 in this serum dissociated spontaneously from its binding proteins in 3 sec, as determined by a rapid filtration assay. Based on these data, we conclude that the pool of free T3 in plasma turns over very rapidly in vivo and probably accounts for the entire hepatic uptake of T3 from plasma. Using additional data on the rate constant for cellular metabolism of T3 obtained from values reported in the literature, a previously published general mathematical model of ligand transport was applied to all of these data, yielding the following conclusions for the physiological state. 1) Metabolism, not uptake, is rate limiting to removal of T3 from plasma by the liver. 2) Intracellular T3 is in virtual equilibrium with the free T3 pool in plasma. 3) Intracellular T3 concentrations reflect the concentration of free T3 in plasma, as predicted by the free hormone hypothesis. It is shown mathematically that these conclusions are independent of whether a gradient exists between extra- and intracellular T3 concentrations, and that they would still hold even if the tissue uptake of T3 occurred by a mechanism that acted directly on the plasma protein-bound pool of T3.